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1.0  INTRODUCTION 


J 


1 . 1  PURPOSE 


The  purpose  of  this  program  was  to  develop  a  high-voltage,  high-power 
Pierce-type  electron  gun  to  be  used  for  experiments  at  the  NRL  high-power 
ubitron  laboratory.  These  experiments  are  intended  for  high-power,  high- 
quality  electron-beam  generation,  beam  diagnostics,  and  high-power  microwave 
generation  techniques. 

1.2  SCOPE 


In  accordance  with  Contract  No.  N00G1 4-S5-C-2059  two  electron  guns  were 
fabricated,  pretested  and  delivered  to  NRL.  The  high-voltage  and  vacuum 
housings  of  the  guns  were  consistent  with  the  design  utilized  in  the 
Stanford  Linear  Accelerator  Center  (SLAC)  XK-5  klystron  gun.  This  12-month 
development  program  covers  the  period  from  December  1984  through  December 
1985. 


The  report  describes  details  of  beam  optics  calculations,  performance 
characteristics,  pretest  results,  and  includes  assembly  and  detail  drawings 
along  with  a  material  list. 
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2.0  CALCULATIONS  AND  COMPUTED  RESULTS 


2.1  DIODE  CHARACTERISTICS  AND  ELECTRON  TRAJECTORIES 


The  process  of  arriving  at  optimum  electron  beam  trajectories  involves 
an  iterative  computational  procedure  and  computer  graphics  plotting. 
Repetitive  testing  in  the  Varian  computer  controlled  beam  analyzer,  to 
confirm  the  desired  results,  is  limited  to  lower  voltages  (20  kV  to  25  kV ) . 
Finalized  electrostatic  beam  trajectories  are  illustrated  in  Figure  1  and 
Figure  2  for  20  kV  and  250  kV  respectively. 

2.2  MAGNETIC  FIELD 


In  the  case  of  a  confined-flow  focusing  system  the  magnetic  field  at 
the  cathode  can  be  determined  approximately  from  the  following  expression: 


(B  )  (a) 

B  = - T  gauss 

C  (r  /r  T 
c  o 
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Magnetic  Field  at  Cathode 
Main  Field 
Radius  of  Cathode 
Radius  of  Beam 
Cathode  Flux  Parameter 


The  mathematical  expression  for  calculating  is  as  follows: 
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FIGURE  1.  NONRELATIVISTIC  BEAM  TRAJECTORIES 
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where:  B.  is  the  Brillouin  field  value  and  is  equal  to 
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Microperveance 
Beam  Voltage  in  kV 


where:  d 

V 
k 


Beam  Diameter  (inches) 
Beam  Voltage 
Per veance 


The  design  magnetic  field  is  calculated  from  these  expressions  and  is 
plotted  in  Figure  3.  (Relativistic) 

2.3  COMPUTER  GUN  OPTICS  DESIGN 

With  the  aid  of  the  Varian  computer  gun  design  programs,  several 
designs  were  generated  and  analyzed.  The  gun  electrode  geometries  were 
optimized  in  order  to  achieve  the  desired  beam  characteristics  and  voltage 
gradients  around  the  focus  electrode  anode  areas.  Aside  from  determining 
the  required  perveance,  convergence  and  voltage  gradients,  special  attention 
was  given  to  produce  an  extremely  laminar  beam  in  order  to  obtain  the 
minimum  axial  velocity  spread.  In  the  final  design,  the  velocity  spread  was 
computed  to  be  0.295%.  Details  of  computer  calculations  were  described  in 
detail  in  previous  reports. 
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AND  ON 


Z  INCHES 

FIGURE  3.  %  MAGNETIC  FIELD  vs  DISTANCE  FROM  CATHODE 


In  order  to  test  the  gun  in  the  beam  analyzer  the  tests  can  only  be 
made  at  maximum  voltage  of  20  kV.  The  magnetic  field  was  correspondingly 
adjusted. 
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3.0  DESIGN  METHODOLOGY 


The  design  and  development  of  this  electron  gun  followed  a  procedure 
which  defines  a  certain  sequence  of  events  as  described  below: 

1.  A  detailed  computer  analysis  of  the  Pierce-type  diode  gun  was 
performed  at  two  beam  voltages  of  20  kV  and  250  kV. 

2.  The  beam  trajectories  in  a  confined-flow  magnetic  focusing  field 
were  calculated  and  plotted  by  the  computer  for  20  kV  and  250  kV 
as  illustrated  in  Figure  4  and  Figure  5  respectively. 

3.  In  order  to  ensure  the  integrity  of  the  design  at  high-voltage 
operation,  a  computer  plot  of  the  voltage  gradient  in  vacuum  was 
generated  as  shown  in  Figure  6. 

4.  The  electrostatic  beam  optics  were  then  evaluated  in  a  computer- 
controlled  beam  analyzer  and  the  configuration  refined  for  optimum 
performance. 

5.  Subsequently,  the  electron  gun  was  placed  in  a  confined-flow 
magnetic  focusing  field  and  retested.  Reiterative  modifications 
to  the  magnetic  focusing  field  were  introduced  until  satisfactory 
results  were  obtained. 
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FIGURE  5.  BEAM  TRAJECTORIES  IN  CONFINED-FLOW  MAGNETIC 
FOCUSING  FIELD  <250  kV) 
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4.0  ELECTRON  GUN  SPECIFICATIONS 


The  finalized  electron  gun  specifications  as  per  Revision  A  dated 
13  December  198u  are  summarized  below: 


4.1 

Operating  Voltage  (cathode  pulse) 

250  kV 

4.2 

Cathode  Current 

100  Amps 

4.3 

Cathode  Heater  Voltage  (Norn.)  (AC) 

6.5  Volts 

4.4 

Cathode  Heater  Current  (Norn.) 

18.5  Amps 

4.5 

Pulse  Length  (Max) 

2  usee 

4.6 

Repetition  Rate  (Max) 

100  Hz 

4.7 

Beam  Radius  (in  2.5  kG  Magnetic  Field) 

<  0.4  cm 

4.8 

Beam  Centroid  Offset 
(  in  2.5  kG  magnetic  field) 

<0.005  cm 

4.9 

Beam  Axial  Velocity  Spread 
(biased  standard  deviation) 

<0.4  % 

with  a  goal  to  0.1% 

(  =  8.5%  beam  ripple) 

4.10 

Beam  Ripple  (measured) 

<20% 

4.11 

Concentricity  of  Cathode  and  Anode 

+0.004  inch 

4.12 

Angular  Deviation  (tilt)  of  Cathode 
and  Anode  Relative  to  Gun  Axis  (Max) 

0.005  radius 

4.13 

Lifetime  (Min) 

5000  hrs 

4.14 

Capacitance  (Max) 

150  pF 

4.15 

Gun  Connection  to  Tube 

(exit  drift  tube  dia  to  be  determined) 

2-1/8"  dia. 

Conflat®  Flange 

4.16 

Gun  Housing  Dimensions 

<SLAC  XK-5  dimensions 
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5.0  ASSEMBLY  DRAWINGS  AND  MATERIAL  LIST 

The  electron  gun  is  constructed  from  three  major  subassemblies  as 
illustrated  in  Figure  7. 

High-Voltage  Seal  (Drawing  Items  1  and  3) 

Cathode  Assembly  (Drawing  Item  2) 

-  Iron  Housing  and  Anode  Assembly  (Drawing  Items  5  and  6) 

The  high-voltage  seal  and  vacuum  housing  configuration  is  consistent 
with  the  design  utilized  in  the  SLAC  XK-5  klystron  gun.  Assembly  and  detail 
drawings  of  the  gun  with  a  parts  and  material  list  are  given  in  Appendix  A. 
Cathode  assembly  is  centered  in  the  high-voltage  seal  assembly  within  0.001 
in  all  directions  and  secured  to  the  base.  (Heliarc  area  at  point  -3.626 
and  its  associated  dimensions  are  used  for  centering.) 


Iron  housing  and  anode  assembly  centering  also  related  to  the  same 
-3.626  point  with  its  own  associated  dimensions. 

Finally,  the  iron  housing  is  heliarced  to  the  high-voltage  seal 


assembly . 


FIGURE  7.  ELECTRON  GUN  ASSEMBLY  DRAWING  (K-90ZBI 


6.0  TEST  RESULTS 


6.1  HIGH-VOLTAGE  HOLD-OFF  TESTS 


High-voltage  tests  were  conducted  on  gun  S/N  101.  A  negative  dc 
voltage  was  applied  to  the  cathode  and  gradually  raised  to  150  kV  dc.  This 
level  of  voltage  was  held  for  10  minutes  without  arcing  and  is  considered 
safe  for  low  duty  300  kV  two  microsecond  pulses.  See  reference  in 
Appendix  B  titled  "Electron  Gun  Breakdown"  by  Armand  Staprans,  Varian 
Associates,  Inc.,  presented  at  the  1985  High-Voltage  Workshop,  February  26, 
1985,  Monterey,  California. 

6.2  BEAM  ANALYZER  TESTS 


The  first  electron  gun  was  tested  in  the  Varian  computer-controlled 
beam  analyzer  at  non-relativistic  voltages.  The  beam  tester  configuration 
used  in  these  tests  is  illustrated  in  Figure  8.  An  electrostatic  beam 
profile  is  shown  in  Figure  9.  The  beam  diameter,  perveance  and  beam  minimum 
position  closely  corresponded  to  the  computer  predictions. 

Magnetic  beam  analyzer  tests  have  produced  an  excellent  beam  with  the 
required  perveance  and  beam  diameter.  The  confined  flow  beam  profiles  for 
the  gun  are  shown  in  Figure  10.  To  analyze  the  quality  of  the  beam  optics 
and  magnetic  match,  the  magnetic  field  was  varied  from  70  to  110%  of  the 
prescribed  value  with  no  change  in  the  beam  diameter  or  scalloping. 
Scalloping  was  measured  to  be  below  3%  in  all  cases. 

A  gun  coil  was  used  to  trim  the  magnetic  field  threading  the  cathode. 
Varying  the  field  in  the  gun  coil  affected  the  beam  diameter  with  no 
significant  effect  on  the  scalloping.  A  three-dimensional  beam  shape  in  a 
confined-flow  focused  magnetic  field  is  illustrated  in  Figure  11. 

6.3  HIGH-VOLTAGE  TEST 


A  short  drift  tube  and  isolated  collector  were  fabricated  and  attached 
to  the  gun  by  means  of  a  2-3/4  inch  Varian  Conflat  flange.  The  gun-body- 
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FIGURE  8.  BEAM  TESTER  WITH  K-9025  GUN 


NHL  250  kV  OIOOE  GUN 


RADIAL  DISTANCE  (IN.) 


FIGURE  9.  ELECTROSTATIC  BEAM  PROFILES 
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BEAM  POSITION  FROM  CATHODE  (IN.) 


NRL  250  kV  DIODE  GUN 


FIGURE  10.  CONFINED-FLOW  BEAM  PROFILES 
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FIGURE  11.  3-D  CURRENT  DENSITY  PROFILES 


collector  assembly  was  exhausted,  baked  out  at  450°C,  pinched  off  and  tested 
under  oil  up  to  150  kV  dc. 

6.4  CONCLUSION 

A  high-quality,  high-voltage  gun  with  excellent  beam  laminarity  has 
been  developed  for  fast-wave  device  applications.  The  beam  tester  has  been 
fabricated  and  is  ready  for  test  and  evaluation.  This  high-power  evaluation 
will  be  evaluated  at  NRL. 
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APPENDIX  t 


"ELECTRCt.  GUN  BREAKDOWN" 

by 

Arnand  Sta^^ans,  Va*-ian  Assoc ia 

1985  Hifeh-Voltage  V.o-kshop 
Fet’-ua’-y  2C ,  1955 
Monte-ey,  California 


Electron  Gun  Breakdown 


A.  Staprans 

Varlan  Associates  Inc. 
611  Hansen  Way 
Palo  Alto,  CA  94303 


The  electron  gun  Is  usually  the  portion  of  a  microwave  tube 
that  Is  most  stressed  by  high  voltage  and  Is  frequently  subject 
to  breakdown.  This  Is  a  consequence  of  design  constraints  which 
often  require  the  use  of  close-spaced  vacuum  gaps  between  gun 
e I ectrodes . 

The  design  criteria  for  voltage  hold-off  In  guns  are 
reviewed.  Largely  because  of  the  presence  of  evaporation  from  a 
hot  cathode,  the  acceptable  safe  voltage  between  gun  electrodes 
Is  substantially  lower  than  for  a  similarly  spaced  "c  I  ean" vacuum 
gap.  Design  guidelines  for  achieving  adequate  voltage  hold-off 
In  guns  are  discussed.  Including  allowable  gradients,  electrode 
spacJngs,  pulse  vs  dc  operation,  electrode  materials,  and 
Insulator  configurations. 

The  tube-power  supply  Interface  plays  a  very  Important  role 
In  minimizing  gun  breakdown.  Arc  energy  limiting  means  such  as 
crow-bars  and  arc  current  limiting  Impedances  are  discussed  and 
design  criteria  suggested. 
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LIMITED  CHOICE  OF  MATERIALS 
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MAXIMUM  VOLTAGE,  VOLTS 


GUIDE  TO  HV  SPACING  DESIGN  IN  ELECTRON  GUNS  (1966) 


ELECTRODE  SPACING,  d,  METERS 


MAXIMUM  VOLTAGE,  VOLTS 


GUIDE  TO  HV  SPACING  DESIGN  IN  ELECTRON  GUNS  (1985) 


10-3  2  3  .567,9  10-2  2  3  .5,7 

ELECTRODE  SPACING,  d,  METERS 
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MAXIMUM  DESIGN  VOLTAGE,  Vm,  OR  FIELD,  Em, 
DERATING  FACTOR,  F,  FOR  ELECTRODE  SPACINGS 
ABOVE  1  mm  FOR  d.c.  CONDITIONS 


Vm(d)«  1.2  *  10  xdxF, VOLTS 
Em(d)  =  1.8  xlO7  x  d  x  F,  VOLTS/m 


ELECTRODE  SPACING,  d,  METERS 
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PULSE  WIDTH,  SECON 
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MICROSCOPIC  PROPERTIES  OF  SURFACES  ARE  IMPORTANT. 
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INSULATOR 


ARC  CHARACTERISTICS 
un  PROTECTION  CRITERIA 
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RECOMMENDED  MEASURES  FOR 
~  1  JOULE  DISSIPATION 


10,000  A  MAX  -  5  Msec  CROWBAR 


SUMMARY 
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